AN important feature of the epidemiology of Burkitt's Lymphoma (BL) has been the occurrence of "space-time clusters" of patients with the disease in areas endemic for BL. Pike, Williams and Wright (1967) first reported this phenomenon for patients diagnosed in the West Nile District of Uganda in the period 1961 -1965 . Patients with clinical onset in 1966 displayed similar clustering relative to the earlier cases (Williams, Spit and Pike, 1969 ) and a remarkable "outbreak" of BL was noted (Morrow et al., 1970) in Bwamba county in Toro District of Uganda (Fig. 1 ). This tendency, for patients whose date of clinical onset of disease are close in time, to live closer together than would be expected by chance, has given much support to the view that an infective agent may be involved in the aetiology of the tumour and that there is a relatively short latent period between infection and clinical onset of BL. The observation of seasonal variation in the date of presentation of new patients with BL, consistent from year to year, in the West Nile District, also favours'such an hypothesis (Williams, Day and Geser, 1974) . However, recent studies have failed to find evidence of space-time clustering of patients with BL in the Mengo and Acholi and Lango Districts of Uganda (Morrow et al., 1976a; 1977) and in the North Mara District of Tanzania (Brubaker, Geser and Pike, 1973) (Fig. 1) . Furthermore, a reduction in this effect has been reported for patients in the West Nile District for the period 1966 to 1971 (Smith, 1974) .
In view of these apparently conflicting findings it seemed appropriate to review the data that has been collected on all nexvly diagnosed patients with BL in the West Nile District over the 15-year period 1961-75 to determine whether the spacetime clustering observed only in this area of Uganda represents a real biological phenonemon, or whether the earlier results may have been a chance finding or have arisen artifactually due to some biased method of case ascertainment.
POPULATION AND METHODS
The West Nile district is in north-west Uganda on the borders of both Zaire and Sudan, the eastern boundary of the District being mainly along the Nile river. The population was estimated to be about 570,000 in 1969( Uganda Government, 1971 ) at which time the District was divided into 10 administrative counties (Fig. 2 ). There is a general rise in elevation from about 2,000 feet in the east near the Nile to around 4,000 feet in the more densely populated western areas. The south western part of Okoro county is the only area in the District rising above 5,000 feet (Uganda Government, 1967) .
Since 1961, an attempt has been made by one of us (EHW) to register all new cases of BL in the District. A careful search of hospital records was made for all patients diagnosed in the period 1961 to 1965 (Pike et at., 1967) Government, 1959; 1971) assuming an exponential increase, and these have been used to determine the annual incidence of BL over the 15 years of the study. The data are consistent with a uniform incidence over time (X2 (14 d.f.) 20X15; P-0.13) and, in particular, there is no evidence of an increase in incidence in the later years (X2 trend (1 d.f.)_0 03; P=0.86). Fig. 4 shows the average age-specific annual incidence of BL, for males and females separately, over the study period. The proportion of the District population in single-year age groupings by sex was taken from the 1969 census data (unpublished tabulation). The peak incidence is at age 5 years for males and 7 years for females. Overall, 63% (127) of the patients were male and 37% (75) female, the male excess being less marked in the older children.
In order to consider possible temporal changes in the epidemiological characteristics of BL in the West Nile district, we have divided the J 5-year study period into 3 There is significant variation in the average annual incidence of BL between the 10 administrative counties of the District over the whole study period (Table II ) and significant differences remain if Okoro, the county with a substantial proportion of land over 5,000 feet, is excluded (x2 (8 d.f.)=26-16; P-0-001) though when the adjacent county of Padyere is also excluded, the remaining counties do not quite show significant variation (X2 (7 d.f.) 13-34; P= 006).
Space-time clustering
The data suggested that space-time clustering of cases of BL may be occurring on two different time scales. There seemed to be considerable variation in the incidence of BL within counties over a period of years, and there was also evidence of the kind of clustering previously described by Pike et al. (1967) which involved a much shorter time scale. We have examined these two aspects separately.
(i) Variation in incidence by county in quinquennial periods. shows the location of the home of all patients with disease onset in each of the 3 quinquennial periods. Particularly noticeable are the changes over the last 2 quinquennia; in 1971-75 there was a considerable reduction in the number of cases from the eastern and southern parts of the District, but a marked increase in patients living in the area in and around Ayivu county. The changes in the distribution of places of residence between these two time periods is statistically significant when considered by county (Table II: Table  III the results of the Knox (1964) test for space-time clustering within each of these periods is shown, using "critical" time periods of 30, 60, 90, 120, 180 and 360 days and "critical" space distances of 2-5, 5 0, 10*0, 20-0 and 40*0 km. (Table IIIb) and the observation of two sets of results significant at the 5% probability level among the 30 sets examined is certainly compatible with chance, assuming no space-time clustering to have been present in this period. There is also little evidence of clustering in (Table IIIc) . We further subdivided the ten years [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] into 5 two-year periods and applied the Knox test in each period, with the same critical time and space distances. In 4 of the periods there was essentially no evidence of clustering, but for patients with onset in 1972-73 there was a highly significant excess of "close pairs" at a number of time and space distances (Table IV) .
(iii) Characteristics of individuals in local clusters. -Fig. 6 shows the locations of the homes of patients with onset of BL during the two time periods suggested that the smallest time and space distances at which there was strong evidonce of clustering in both periods were 10 km and 180 days, and also indicated in Fig. 6 that the patients involved in "close pairs" tended to be older than the other patients with onset in the same time period (Table   V) . In both time periods about 70% of patients involved in clusters were aged 7 years or over at onset of BL, whereas only about 30% were so aged among those not in clusters. This difference in the age distribution of patients was statistically significant in both time periods. (iv) Contact between patients.-Evidence of contact between BL patients prior to diagnosis has not been systematically sought throughout the study period. However, cases in related individuals were noted. Patients 134 and 197 (see Appendix) were sibs and lived in the same house, though their disease onsets were separated by 4 years. Six pairs of cousins (sharing 2 grandparents) are also included in the series (Patients 30, 57; 50, 100; 123, 162; 124, 125; 130, 151; 154, 158 The additional finding that patients involved in clusters are, on average, older than other patients, supports the notion that the clustering is a real phenomenon and is probably not attributable to some artifact of case ascertainment. However, we have no satisfactory explanation which accounts for this age difference. In the districts of Uganda where detailed epidemiological studies have been conducted, the average age at onset of BL is lowest in those districts in which the incidence of the disease is highest (Morrow et al., 1977) . It might therefore be expected that in areas where there is a locally high incidence, as in a space-time cluster, the average age at onset of BL would tend to be lower, rather than higher, than that of other patients. A possible explanation is that if the precipitating event leading to the onset of BL is chronic and severe infection with malaria (Dalldorf et al., 1964; Morrow, Gutensohn and Smith, 1976b) a local increase in the intensity of malarial infection in part of a district might give rise to a crop of BL cases and, if chronic infection over several years is a necessary precondition for onset of the disease, the cases arising in such a situation might be expected to be older than other cases in the District, as only the older cases would have been chronically infected with malaria for the necessary period prior to onset. It should be noted that only one of the 7 patients in the Bwamba cluster (Morrow et al., 1970) was aged more than 6 years. However, the situation in Bwamba was rather unusual in other ways also, as no patients with BL had been diagnosed in this area prior to this cluster.
The clustering in 1972-73 occurred among two groups of cases in the adjoining counties of Maracha, Terego and Ayivu, whereas that in 1961-65 involved groups of patients scattered more widely in the district (Fig. 6 ). This suggests that whatever local factors precipitated a cluster of cases, these were distributed differently in these two periods.
The second kind of space-time clustering occurred over a longer time interval, the incidence of BL varying considerably within counties in different quinquennia. Although case detection has been good in the West Nile over the study period, it L i~2 50 might be argued that some of the variation in incidence may be attributable to this cause. In general, ascertainment is likely to have been poorest in the southern part of the district. The low incidence in Okoro is most likely to be due to a substantial proportion of the county being over 5000 feet in altitude, where it is known that BL is much less common, but the low rates in Padyere and possibly Jonam also (Table  II) may be due to cases being missed. The disappearance of cases from the eastern part of Madi district in 1971-75, a period of social instability in Uganda (Fig. 5 , Table II ) might possibly be similarly explained, but such reasoning cannot account for the marked increase in cases from Ayivu county in the same period. The two major hospitals in the district are both situated in this area (Arua and Kuluva hospitals) and the detection of new cases is very likely to have been considerably better in this county than in other parts of the District throughout the study period. There is therefore good reason to suppose that this "macro" space-time clustering is a real effect. It suggests that the intensity of the precipitating factor which leads to onset of BL varies from county to county (i.e. over wide areas) with time. Thus, if as has been argued elsewhere (Morrow et al., 1976b ) chronic severe infection with malaria is this factor, then it is to be expected that the intensity or type of malarial infection among persons within a county should show considerable variation from year to year. The ongoing prospective serological and epidemiological study in the District should provide data on this issue.
The detection of all new cases of BL in a rural African community is a difficult undertaking, and it is therefore surprising that the incidence of the disease appears to have remained reasonably constant over a 15-year period (Fig. 3) during which time it might be supposed that case ascertainment should have improved considerably because of increasing epidemiological activity in the district. It should, however, be noted that the proportion of patients with histologically confirmed disease was lowest in 1961-65, and we have little data on some of the patients diagnosed in this period.
The present and other studies have identified a number of distinct features of the epidemiology of BL. The first, and most important, was Burkitt's (1962) observation that within tropical Africa occurrence of the disease is limited by both altitude and rainfall, and this suggested the possibility of a mosquito-borne virus as the causative agent. Most of the other purely epidemiological observations are consistent with this hypothesis. Spacetime clustering, both on small and larger time scales, seasonal variation in the incidence of BL (Williams et al., 1974 ) and the observations on BL among immigrants from high altitude areas to areas endemic for BL (Morrow et al., 1976a ) may all be possibly explained by variation in exposure to mosquitoes in different places and at different times, though the decline in the incidence of BL in the Mengo districts of Uganda is more difficult to explain on this basis. However, the Epstein-Barr virus (EBV) which has been strongly implicated by serological (Henle et al., 1969) and nucleic-acid-hybridization studies (Zur Hausen et al., 1970) is not known to be arthropod-borne, and the epidemiological observations cannot be explained by assuming EBV to be the sole causative agent. This has led to the hypothesis that, in addition to EBV infection, exposure to chronic severe infection with malaria is a necessary precondition for developing the disease (O'Conor, 1970) and it is this infection which precipitates onset of BL (Morrow et al., 1976b ) (except for the few sporadic cases reported from non-malarious areas, which may have a quite different aetiology). We do not know enough of the variation in malaria over time and in different localities to be sure that the epidemiological data can be explained on this basis (Pike and Morrow, 1972) . The precipitating event, be it infection with malaria or exposure to some other agent, must vary in intensity (or frequency) in different areas over long time periods, to give the long term variation in incidence of BL, but there must also be local "pockets" of intense exposure to the agent for a limited period which gives rise to subsequent space-time clusters. The period between the critical exposure and the onset of BL is also likely to be short, perhaps a year or less, otherwise it is unlikely that either space-time clustering or seasonal variation in disease incidence would occur. Direct person-to-person transmission of BL seems unlikely, otherwise it might be expected that space-time clustering would be found more consistently both over time and in different areas. The finding of a sib pair with BL and 7 pairs of cousins with the disease is certainly compatible with an agent which is transmitted between individuals. However, in most instances disease onsets in related individuals occurred a year or more apart, and this is not in line with a short latent period. We have not been able to assess whether the number of cases in related individuals is more than would be expected by chance, but polygamy is common in the District and the average family size is large so that 7 instances of the disease in cousins may not be excessive.
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